Phosphorylation of the human papillomavirus type 1 E4 proteins in vivo and in vitro.
Following incubation of HPV 1-induced warts in the presence of [32P] phosphate several of the E4-encoded proteins were found to be radiolabeled. Two-dimensional isoelectric focusing sodium dodecyl sulfate-polyacrylamide gel electrophoresis indicated that the 17K E4 polypeptides had incorporated [32P]phosphate whereas those of 16K were unlabeled. Purified E4 gene products were separated by ion exchange chromatography into a large number of different species, which were of similar size but of different charge due to varying extents of phosphorylated peptides have been isolated and identified. Phosphoserine and phosphothreonine were identified in all 16/17K E4 fractions but not phosphotyrosine. Both HPV 1 E4 16K and 17K fractions were phosphorylated in vitro by cAMP-dependent protein kinase but not by myosin light chain kinase or by phosphorylase kinase. Incubation with cAMP PK gave incorporation of approx. 0.5 mole phosphate/mol of protein indicating that the cAMP-dependent protein kinase site(s) was partially phosphorylated in vivo. This view was supported by the fact that species which were more heavily phosphorylated in vivo incorporated less phosphate after cAMP-dependent protein kinase phosphorylation. HPV 1 E4 was also phosphorylated at serine and threonine residues by a crude cytoplasmic extract prepared from cultured human keratinocytes and cultured human retinoblasts. These results are discussed in the light of the known effects of phosphorylation on the interactions of other keratinocyte-specific proteins.